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Solar-terrestrial interactions as they affect Nimbus-4 BUV dark current and
possibly affect thunderstorm occurrence are investigated. A solar wind
index is calculated for 1970-1971. Dark current enhancements appear to be
associated in some way with solar proton events and the solar wind index,
but additional-: investigations by GSFC are required before conclusions can
be drawn. Superposed epoch analysis of an index of North American thunder-
storm occurrence reveals a discernible (statistically significant) increase
in the index magnitude on days 1 and 2 following solar proton events. There
appears to be little or no 27-day recurrence tendency in thunderstorm
occurrence frequency, and no association with vorticity area index on a
day-to-day basis.
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1. INTRODUCTION
Investigations by Goddard Space Flight Center (GSFC) of dark current
variations in the backscattered ultraviolet (BUV) instrumentation and its
possible effects on the BUV ozone data base are continuing (Stassinopoulos
et al, 1978; 1979). Radio Sciences Company has provided support for these
efforts under contract NAS5-25663. Under the contract the company also con-
ducted a very limited investigation of solar-terrestrial effects on thunder-
storms, and participated in Aurorozone II analysis. The tentative nature of
the results precludes extensive technical discussion in this final report. The
bulk of the report is therefore given over to the tabulation of a daily solar
wind index which may be aseful for correlations with both dark current and
BUV ozone data.
Highlights of the thunderstorm analysis are briefly summarized in Section
2. and a comparison of selected solar proton events with dark current enhance-
ments referred to as "blue streaks" by Stassinopoulos is discussed in Section
3. The development of the solar wind index using solar wind data, and a
quantitative "blue streak" index as suggested by Schatten is discussed in
Section 4; the tabulated values are given in Appendix A. Recommendations for
future work are listed in Section 5, and Section 6 lists references cited in
the text.
2. THUNDERSTORM ANALYSIS
Based on various ideas and speculations treated earlier (Herman and Gold-
berg, 1978; Goldberg and Herman, 1979; Herman, 1979), we have performed a
superposed epoch analysis of thunderstorm occurrence using PCA (Polar Cap
Absorption) dates as key days, investigated 27-day recurrence tendencies
in thunderstorm occurrence in the northern part of the United States,
, and correlated thunderstorms against the Roberts and Olson (1973) vorticity
area index (VAI) and the solar wind index discussed in section 4. In all
cases, the thunderstorm parameter used is the Lethbridge (1979) daily index
(LTI) for the 40-45 N latitude band covering the northern United States.
The LTI was derived by Lethbridge from thunderstorm observations at 102
U.S. stations in an area extending from the Atlantic Coast to 102 W longi-
tude and from 30 °N to 45 °N latitude. The data were compiled for the
entire area and for the three latitude bands 30-35 Nj 35-40 JSI; and
40-45 N. The compilation was grouped into three periods: 1947-1956; 1957-
1965; and 1966-1976. In each group, the variable is the cube root of the
thunderstorm frequency for each day minus the 10-yr means of the daily cube
roots. With seasonal effects thus removed, the index ranges from about -3
to +3 in magnitude.
2.1 Thunderstorms and PCA's
Arguments by Herman and Goldberg (1978, pp 248ff) suggest that the
solar protons associated with polar cap absorption (PCA) events may help
in the formation of thunderstorms in nontropical latitudes. The LTI was
therefore subjected to a superposed epoch analysis using as key days the
list of 76 major PCA events (30-MHz riometer absorption - 2.5 dB) given
by Pomerantz and Duggal (1974) covering the period 2/23/56 to 5/16/73.
For later comparison, a table of random key dates within the same period
was generated by microcomputer. Before proceeding to the thunderstorm
analysis itself, it is instructive to examine the relative properties of
the PCA and randomly selected key dates.
The distributions by month and year of the Pomeranfez and Duggal dates
are given in Fig. 1, along with those of the random dates. For the winter
months only (NOV ~ Mar), the computer selected 36 key dates, while the
actual PCA occurrence was only 23. This would imply a bias in favor of
the random data, but it will be seen later that no statistically signifi-
cant peaks appear in the superposed epoch distributions of thunderstorm
occurrence following random key dates. In the yearly distribution, no
PCA's occurred in sunspot minimum years (1964-1965), but the computer
selected nine events in those two years.
It is interesting to note the tendency for more PCA's to occur in sun-
spot maximum than in minimum years (Fig. 1, bottom panel), which is in the
same direction as the solar cycle variation of thunderstorm occurrence in
mid to high latitudes (e.g., Herman and Goldberg, 1978). Additionally, the
number of PCA's occurring in the sunspot maximum period of 1957-1960 surpassed
that in the 1968-1970 maximum in rough proportion to the ratio of annual sun-
spot number in the two maxima. Finally, more PCA's
seem to occur in the northern hemisphere summer half of the year, which is
reminiscent of the seasonal variation in U.S. thunderstorm occurrence freq-
uency. Thus emboldened, we may proceed to the superposed epoch analysis.
The day of PCA maximum was assigned day 0, and the average daily LTI
from 2 days before to 7 days after day 0 was computed, using all 76 key
dates. The result is shown as a solid line in the upper panel of Fig. 2.
The LTI surrounding the 76 computer-generated random key dates between 1956
and 1973 were subjected to the same analysis, with the result shown as a
\
dashed line in Fig. 2. Both the PCA and random key date data have a zero
offset for easier comparison. The average of the 10 daily means is -.0367
for the PCA data and .011 for the random data. The standard deviation (e-)
plotted in Fig. 2 refers to that for the average of the 10 daily PCA means.
The LTI values for all 10 days relative to the random key dates fall
within one standard deviation of the average, while days 1 and 2 of the PCA
events show a thunderstorm enhancement slightly greater than one sigma.
The procedure was repeated using only those key dates falling in the
months Nov-Mar inclusive, with the results shown in the bottom panel of Fig.
2. Again, the LTI for days 1 and 2 of the PCA events are greater than 1 o-,
while all randomly selected days and the days prior to the PCA are less than
this level.
To determine whether or not the PCA-associated enhancement of days 1
and 2 are statistically significant, the statistics of small populations
may be used (e.g., Meyer, 1975). The question to be answered is, what is
the probability (P) that the LTI value will exceed 1 o- on any one day in
the 10 days surrounding the key date?
To find out, we assume that the 10 daily means are independent of each
other, and randomly selected from an infinite, normally distributed index
set. Without a_ priori knowledge of the fluctuations in the infinite set,
we may use the standard deviation of the 10-day sample, and construct a
test statistic t (Meyer, 1975, p 280):
_ m - u ,,
 m
t
 ~ o-/(n)2 U;
where n (= 10) is the .sample size, m is the sample mean, and u is the level
at which we wish to test the null hypotheses. In the present case, since any
desired significance level may be selected, we set u = m + OT and have n = 10.
That is, we are testing at the 1 e— level (solid horizontal lines in Fig. 2.).
Thus, t = (n)'5 = 3.16 for both the top and bottom panels in Fig. 2. Using
standard tables of the cumulative student t distribution for n - 1 = 9
degrees of freedom, we find that
P(t<3.1; 9) = 0.994
In other words, the probability for the mean daily LTI to exceed lo- on any
one day in the 10 plotted in Fig. 2 is only 0.6%. It might therefore be
concluded that the peak on days 1 and 2 following the PCA key date is physi-
cally meaningful. The fact that all the other daily means fail to exceed
the lo- level tends to support the validity of this statistical approach.
However, it may be argued that we do have a_ priori knowledge of the
fluctuations in the infinite set, and the foregoing approach is too simplistic.
While calculating the daily means for each of the 10 days, the variance (v)
and standard deviation were also recorded. Fig. 3 shows the variances
across the 10-day samples. For the 76 PCA events (top panel) the average
variance of the ten daily means is 0.4735, and the standard deviation is
0.688. The latter is much greater than that used before, and it is obvious
that the peak fails to exceed the new 1 o- level. We therefore select a sig-
nificance level just below the peak level, at say, m - u = 0.15 (broken hori-
zontal lines in Fig. 2, top panel). Again using the null hypothesis (eq. 1),
we now have m - u = 0.15, o- = 0.688 and n = 76. Then t = 1.05, and from the
tables (Meyer, 1975), P(t<1.0; 75) = 0.840. Thus, the probability that the
peak on day 2 (Fig.2, top panel) arose by chance is 16%.
Similarly, the 10-day average standard deviation associated with the
variances of the Nov-Mar PCA days is 0.629, and n = 23. Setting m - u = 0.36
(dashed horizontal lines in Fig. 2, bottom panel), we find t = 2.74, and
P(t<2.7; 22) = 0.993. Thus, there is only a 0.7% probability that the peak
on day 2 could have arisen by chance. The exceedance probability for both
days 1 and 2 is 1.6% for the Nov-Mar data. If, for these winter events, the
random sample is used (o- = 0.651; n = 36), then the probability that the PCA
peaks were due to chance is 0.4% rather than 1.6%.
We are thus led to the inescapable conclusion that PCA events occurring
in the winter half of the year produced a measurable influence on thunder-
storm occurrence in the northern U.S. in the latitude band 40-45 N, in the
years 1956-1973. This conclusion supports the theoretical predictions of
Herman and Goldberg (1978). A conclusion that PCA effects are discernible
in the year-round thunderstorm data is on shakier grounds since ther is a
16% probability that the enhancements occurred by chance. Better statistics,
using a more complete PCA data base, would serve to strengthen (or destroy)
this conclusion.
2.2 27-Day Recurrence Tendency
Spectral analysis of the 30-yr daily index (LTI) conducted at Pennsyl-
vania State University revealed no strong peak at 27 days (Lethbridge, pri-
vate communication). On the other hand, Lethbridge (1979) has shown that
winter thunderstorms in the northern U.S. tend to occur about one day after
solar magnetic sector boundary crossings. Others have shown that active
regions on the solar surface tend to cluster near sector boundaries, and
Heath and Wilcox (1975) found that certain active regions marked by enhanced
UV emission may persist for a few years. On this basis, it was decided to
test for a 27-day recurrence in portions of the Lethbridge index by ordering
the daily index values in Bartels1 rotation plots.
LTI data for Bartels rotations 1866 through 1903 (12/21/69 to 10/12/72)
are plotted in Fig. 4. Days with greater than average thunderstorm occurrence
are colored black. A coarse indication of the index level is made in the
plot according to the scheme set forth in the figure caption. Cursory inspec-
tion of Fig. 4 reveals no obvious pattern of recurrence, except perhaps for
day 7 of rotations 1884 to 1891 and a few others. Though there are many
acceptions, there is a tendency for the index to remain high for several
consecutive days.
This line of inquiry was abandoned after two additional simple tests
were applied to the plot of Fig. 4. In the first, an overlay of the Sval-
gaard (1976) solar sector structure was prepared in the same format (not
illustrated). Superposition of the overlay onto Fig. 4 gave the visual im-
pression of a correspondence, but again there were many exceptions. Of a
total of 326 thunderstorms (i.e., LTI £ 0.500) in the period 12/8/68 to
10/22/72, 133 of them occurred on days when the interplanetary magnetic
7
field was directed away from the Sun (+ sector),,'and the remainder (193 days)
occurred in negative sectors. Neither the statistical significance nor the
possible physical inferences of these findings were investigated. Finally,
the Carrington longitudes of the long-lived regions studied by Heath and
Wilcox (1975) were converted to Bartels rotation days. No discernible
(i.e. visual) correlation with thunderstorm occurrence (Fig. 4) was found.
It appears that further work along this line would be fruitless.
2?3 Additional Correlations
Three tentative and brief correlation analyses were made using the
Lethbridge index against: the Roberts/Olson VAI; the solar wind index dis-
cussed in section 4; and the daily solar flare index list in NOAA Solar-
Geophysical Data booklets.
The rationale for the LTI/VAI correlation was that an increase in VAI
is an indication of increased cyclogenesis in the northern hemisphere, which
in turn implies increased stormy weather. In view of this rationale the
results were somewhat surprizing. At first, a very simple, quick test was
made, using data already ordered in relation to sector boundary key days.
For the LTI, we used Fig. 2 of Lethbridge (1979, p 256), and for the VAI, we
used curve c of Fig. 4.13 in Herman and Goldberg (1978, p 201). Those
curves, for winter, northern hemisphere conditions, are plotted in Fig. 5
using arbitrary amplitudes. They are obviously negatively correlated, and
indeed the correlation coefficient is -0.89. If we shift LTI to the right
so that the VAI lags the LTI by 3 days, the correlation becomes positive,
with a coefficient of 0.91.
Based on the standard Z test (e.g., Mendenhall and Scheaffer, 1973,
p 421), the confidence level of this correlation lies between 95% and 98%.
In other words, because of the small sample size (n = 7), the probability
that the apparently high correlation was due to chance is about 4%. To
further test this relationship, the LTI was correlated with daily VAI as
reported by Olson et al (1977). Daily January and July values for the years
1947 to 1956 were utilized, and the VAI was smoothed (VS) according to the
Lethbridge criterion:
VS = (VAI)1/3 - (vai)1/3
where VAI is the index for a particular day and vai is the 10-yr average for
that day. The correlation coefficients for all months computed were = ± 0.17,
for both 0 and 3-day lags, indicating that the day-to-day variations in LTI
and VAI are essentially independent of each other. It appears that the LTI
and VAI are correlated only when acted on jointly by a solar influence re-
lated in some way to magnetic sector boundaries.
On the basis of extremely limited investigation, a lack of correlation
was found between the daily LTI and solar wind index of section 4 (in one
test month), and between LTI and the NOAA solar flare index (3 test months).
3. PROTON FLUXES AND BUV DARK CURRENT
In studying dark-current count-rate variations, Stassinopoulos has dis-
covered unexpected enhancements that persist over several days. With the rate
levels plotted in B-L space, it could be seen that the enhancements seem to be
confined to approximately 2.8 *= L ^  4.3, and when color-coded in the plot, they
take on the appearance of "blue streaks". Initially, three such enhancements
were found in the dark current data, covering the periods April 24 - May 14,
1970; July 28 - August 9, 1970; and August 23-30, 1970.
For an initial test of solar effects on blue streak events, the daily
average solar proton flux at 1 A.U. as measured by ATS-1 was utilized as a
solar activity indicator. Hourly average ATS-1 data reported in Solar-Geophys-
ical Data reports issued monthly by NOAA Environmental Research Laboratories
were used to generate daily averages. The results for the 21-70 MeV proton
channel covering the aforementioned events are given in Figs. 6 and 7. Here
it can be seen that each of the three events was preceded by a PCA event
(Shea and Smart, 1979). However, the long-lasting blue streak of April/May
1970 (Fig. 6) followed a minor PCA with an accompanying low daily average proton
flux level, while the shotter lived blue streak of Aug. 23-30, 1970 (Fig. 7)
was preceded by a strong PCA with a high daily average proton flux.
The blue streak of July 28 - Aug. 7, 1970 (Fig. 7) was intermediate be-
tween the other two. In short, for these three events, the time span of the
blue streak event varied inversely with the intensity of the PCA as measured
in terms of the daily average proton flux level. To pursue this line of in-
quiry further, one might test additional blue streak occurrences against the
PCA list given in Table 1. In passing, it might be mentioned that the high
daily average ATS-1 proton flux on May 6, 1970 (Fig. 6) was not accompanied
by any reported PCA event, and the Explorer 41 proton monitoring experiment
detected no enhancement until it entered the trapped proton belt late on May
6. A more promising approach to studying other possible solar effects on dark
current lies in solar wind data, so further,comparisons with PCA's have been
made only in a preliminary way, as discussed later in section 4.
10














































































































- 1 - Castelli and Barren (1977)
2 - Solar-Geophysical Data (NOAA)
3 - Pomerantz and Duggal (1974)
5 - Shea and Smart (1979)
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4.. SOLAR WIND INDEX
It has been known for some time, that variations in the bulk velocity of
the solar wind (V ) are correlated with geomagnetic activity (Kp) fluctua-
S vf
tions on a day-to-day basis (Snyder et al, 1963). More recent findings by
Akasofu and others suggest that the interplanetary magnetic field (IMF)
strength (F) and direction angle (9
 M) are more important parameters than
the bulk velocity alone (Schatten, private communication).
Accordingly, a solar wind index (SWI) incorporating all three parameters
was devised by Schatten (following Akasofu), for use in studying the blue
streak phenomenon. The index has been calculated with and without a zero
offset for the period April 1, 1970 to December 31, 1971, as follows:
AK-I = (V - V) (F)2 sin4(Q') (2)
sw
where V is the mean daily velocity averaged over the period of interest.
For April 1 - December 31, 197-0, V = 423 km/s; and for Jan 1 - Dec 31, 1971,
V = 433 km/s.
Noting that the index is negative when V < V, it was decided to leave
out the offset (i.e., letting V = 0 in eq. 2), and recompute AK-II. The daily
values of AK-II are plotted in Fig. 8, for visual comparison with the blue
streak index to be discussed below. Tabular values of AK-I and AK-II are
given in Appendix A.
t
In accordance with Schatten1s suggestion, the direction angle 6 =
was computed for each hour from:
9PCM = tan'1 B /B for B > 0 (3)GSM y z z
9_QM = 180 - tan'1 B /B for B < 0 (4)GSM y z z
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where B and B , the IMF components in magnetospheric coordinates, are tabu-
lated in the Interplanetary Medium Data Book. NSSDC/WDC-a-R&S 77-04 and 77-04a.
t
The hourly 6 were averaged for each day for use in eq. 2 and tabulation in
Appendix A. The daily averages for V and F were likewise derived from the
Data Book hourly values. Unfortunately, solar wind data for October through
December 1971 are missing.
To gain a quantitative index of "blue streak" dark current data,
Schatten suggested the use of an index M(t):
M(t) = (%1)2500 + (%2)7500 + (%3)15000 + (%4)30000 (5)
where %N (N = 1,2,3,4) is the normalized total counts per day of the dark current
in each channel N at times when the BUV satellite was within the blue streak
region of space. Based on tabulated values of %N supplied by GSFC, we have
calculated the daily M(t) for the period April 10, 1970 through December 31,
1971. These are plotted in Fig. 8 for comparison with the AK-II index, and
all M(t) are tabulated in Appendix A.
Other solar-terrestrial indicators are noted in Fig. 8 to provide a
visual comparison with M(t) and AK-II. These are keyed as follows:
K = King et al, Solar Rotation Key Dates (SCOSTEP WD-II)
R = Roberts and Olson, List of Geomagnetic Disturbances (WD-I)
A = Allen and Dunham, Major Magnetic Disturbances (WD-I)
P = Shea and Smart, List of PCA Events (SCOSTEP WD-III)
In thumbing through the pages of Fig. 8, it quickly becomes obvious
that the most dramatic blue streak event as measured by M(t) occurred begin-
ning April 21, 1970, shortly after the Nimbus 4 BUV experiment went into orbit.
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The second largest M(t) event commenced near August 17, 1970, which provides
a strong indication that the earlier event was not due to equipment malfunc-
tion. There seems to be a general tendency for the M(t) enhancements to
follow the occurrence o'f a PCA by about a week, though this is not invariably
true.
In passing, it is interesting to note that nearly all of King's solar
rotation key dates (K) in Fig. 8 fall on peaks in the AK-II index. (The
physical ramifications of this note with regard to the King et al (1977) 27-
day recurrence pattern in planetary atmospheric pressure waves could not be
followed up in the present work.) There is thus a rather pronounced 27-day
recurrence tendency in the AK-II daily index. The same tendency can be seen
in the solar wind bulk velocity alone, plotted in Fig. 9. This result re-
confirms the Snyder et al (1963) findings based on earlier data.
In conclusion, it appears that additional work will be worthwhile in
following up solar wind effects on the BUV dark current in certain regions
of space.
5. CONCLUSIONS AND RECOMMENDATIONS
The nature of the work reported here precludes the drawing of any final
conclusions, but the tentative results do suggest areas where further re-
search may be fruitful.
With regard to the thunderstorm/solar activity question, it appears
that there may be discernible solar proton effects on thunderstorm occurrence
in mid- to high-latitudes. The possible relationship between thunderstorm
coourrence and atmospheric vorticity is unclear, but there does seem to be
a weak statistical link between the two near times of solar magnetic sector
IS
crossings. It appears that the NOAA solar flare index is too coarse an
indicator to be useful in thunderstorm analysis. Further, for 27-day
recurrence effects, the meteorological noise level is apparently too high
to permit a straightforward analysis. These tentative results suggest the
following additional analyses:
1«) Superposed epoch analysis of the Lethbridge index using a
more extensive PCA data base for key dates;
2) More detailed statistical analysis of the possible rela-
tionship between thunderstorms and atmospheric vorticity;
3) To test the D'Angelo (1978) hypothesis that the solar wind
electric field modulates the earth-ionosphere total potential with
subsequent thunderstorm triggering, it is recommended to investigate
the relationship between Schatten's solar wind index and the Leth-
bridge index.
With regard to the solar wind index itself, we recommend that:
4) The index be extended to additional years for use in various
solar-terrestrial relationship studies, and particularly in analyses
of BUY ozone over the 6-year life of the Nimbus 4 experiment;
5) The incorporation of solar wind bulk density into the index
should be considered; and
6) Consideration should be given to varying the exponents on the
• /:, <-•
. elements of the index (i.e., V F sin°9 ) to determine their
,} / sw
relative importance in solar-terrestrial processes related to the
solar wind.
15
Finally, specifically for the continued analysis of dark current en-
hancements, we suggest the following:
7) Using the M(t) index enhancements, consider a superposed epoch
analysis with PCA, solar flare or other solar-tagged key dates;
8) Consider running averages of the solar wind index (e.g., AK-II)
for correlation with M(t);
9) Use integrated AK-II over N days prior to an M(t) event.
10) Use values of the magnetic indexes Kp or C9 to establish approx-
imate solar wind velocities for days where the solar data are missing,
in order to provide a more complete AK data base.
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FIGURE CAPTIONS
Fig. 1. Distribution of major PCA occurrence by month (top panel) and by
year (bottom panel) for period 1956-1973, compared with computer-
generated random dates.
Fig. 2. Superposed epoch analysis of Lethbridge Index (LTI) using random
key dates and Pomerantz and Duggal (1974) major PCA dates.
Fig. 3. Variance in daily mean LTI surrounding PCA key dates (solid curves)
and random key dates (dashed curves) for years 1956-1973, latitude
band 40-45 °N.
Fig. 4. Lethbridge Index plotted in 27-day Bartels* rotation format. Full
squares are LTI * 2.000; 3/4 square, LTI «-1.500; 1/2 square,
LTI * 1.000; 1/4 square, LTI * 0.500.
Fig. 5. Comparative response of Lethbridge (1979) thunderstorm index (LTI)
and Roberts and Olson (1973) vorticity area index (VAI) to solar
magnetic sector boundary crossings.
Fig. 6. Daily average ATS-1 solar proton flux for energies 21-70 MeV,
compared to dark current blue streak event and PCA event, April-
May, 1970.
Fig. 7. Same as Fig. 6 but for July-August, 1970.
Fig. 8. Daily values of solar wind index (AK-II) and blue streak index
M(t) for April 1970 - July 1971. Legend: K- solar rotation key
dates used by King et al (1977); R and A - geomagnetic storm
dates; P - polar cap absorption events.
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TABLE OF DAILY AVERAGE SOLAR WIND PARAMETERS, SOLAR WIND
INDEX AND BLUE STREAK INDEX
V = solar wind bulk velocity (km/s)
sw
F = IMF field strength (gammas)
0 = IMF angle in magnetospheric coordinates (degrees)
AK-I = solar wind index with zero offset
AK-II = solar wind index without zero offset

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































213 1 5.0 40.5 5132
214 2 5.7 51.7 5385
215 3 3.1 39.4 4436
216 4 7.1 37.5 5357
217 5 7.9 48.0 5834
218 6 4.9 28.6
219 7 8.3 58.6
220 8 8.1 64.6 5648
221 9 7.4 53.0 4000
222 10 8.0 40.9 4342
223 11 5.5 36.5 5132





































































































244 1 3.2 50.3 3929
245 2 3.0 32.7 13335
246 3 3.3 73.0 7000
247 4 4.9 46.8 6250
248 5 7.4 55.6 5769
249 6 7.9 43.5 • 4674
250 7 6.3 56.0 5938
251 8 3.3 58.8 4947
252 9 3.6 44.5 4211
253 10 3.7 56.7 4519
254 11 5.9 57.2 4885
255 12 4.8 49.0 5000
256 13 5.7 58.1 4079
257 14 4.3 47.4
258 15 5.3 40.6 4167
259 16 4.7 56.4 4436
260 17 4.5 59.6
261 18 8.4 56.3
262 19 6.2 27.0
263 20 4.9 56.9
264 21 4.6 30.9
265 22 4.4 56.9
266 23
267 24 5.3 37.3 4688
268 25 10.1 55.5 5599
269 26 9.5 40.3 4677
270 27 5.6 40.2 5185
Day Date V F 9 AK-I AK-II M(.t):".
sw
271 28 3.6 33.2 5300
272 29 3.1 38.6 5068
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December 1971
5766
4798
6346
5798
6011
5695
5900
5427
5761
5479
6448
5521
5500
5870
6137
6137
7267
7206
7631
8126
7381
9999
8965
8587
7568
7639
7985
8270
6923
7046
7682
6343
7232
7094
6000
6207
6475
end
